Sweet cherry and sour cherry production in Turkey occupies an important place in worldwide production and is still of considerable importance in terms of providing further fruit species and gene resources. In this study, 88 sweet cherry, 16 sour cherry, and 9 mahaleb types displaying potential for cultivar rootstocks were selected from wild cherry populations in Samsun Province of the Central Black Sea Region in Turkey. The morphologic characteristics of the studied genotypes were compared with the standard clone rootstocks PHL-A, MaxMa 14, Montmorency, Weiroot 158, Gisela 5, Gisela 6, and SL 64. A total of 22 morphological and phenotypic characteristics were evaluated in the selected genotypes and clonal rootstocks. The obtained data were analyzed by using principal component analysis, and 7 principal component (PC) axes accounted for 70.37% of the total cumulative variation. The first PC axis, which accounted for 22.4% of the total variation, was represented by leaf blade length, leaf blade width, petiole length, ratio of 1-yearold shoot internodes length, and 1-year-old shoot branching, while the second PC axis, which accounted for 13.55% of the variation, was represented by leaf blade ratio of length to width, 1-year-old shoot length, 1-year-old shoot thickness, and leaf blade shape. Average linkage cluster analysis was also performed, and 7 main clusters were identified. According to the diversity analysis of coefficients, the C 0032 and C 0094 genotypes were identified as being very similar, while the C 0002 and S 0012 genotypes were determined as the most distant genotypes in terms of morphology. In conclusion, the genotypes evaluated in this study may be useful for rootstock breeding programs.
Introduction
The use of standard rootstock has become a necessity in modern fruit production. Rootstock selection should be performed in order to increase plant resistance against adverse climatic and soil conditions, to broaden adaptability, and to increase fruit yield and quality, since these characteristics are as important as the control of tree size and dwarfing. Rootstocks have been used in the propagation of temperate fruits for over 2000 years. In addition to allowing convenient propagation, rootstock use also has a positive impact on plant adaptation to different environmental conditions (Webster, 1995) . Rootstock breeding has been the main focus of studies aiming to increase the yield of the dwarf cherry rootstock, and also of research that has been conducted during the last 70-80 years for new varieties. The Mazzard and Mahaleb generative rootstocks have been used until the 1990s. As a result of the rootstock breeding program carried out at the East Malling Research Station in the United Kingdom during the 1920s, the F 12 / 1 clone was selected from Mazzard, and the Colt clone was selected from the Prunus avium × Prunus pseudocerasus cross. These rootstocks are still used currently today, although their use is no longer very common.
The largest breeding program of cherry rootstock clones was initiated in Germany (Giessen) in 1965. At the end of these studies, the Gisela 5 (Prunus cerasus × Prunus canescens) and Gisela 6 (P. cerasus × P. canescens), which are rootstocks of the Gisela series, provided better results compared to the other rootstocks in terms of yield and dwarf growth (Rieger, 2006) . In recent years, the P-HL series, Pi-Ku series, Camil (GM 79), Damil (GM 61 / 1), Inmil (GM 9), Gisela, and M × M (MaxMa) hybrid rootstock clones have also been obtained as a result of species and interspecies crosses (Hrotko, 2008) .
In Turkey, the mahaleb (Prunus mahaleb), wild cherry (Prunus avium), and sour cherry (Prunus cerasus) seedling rootstocks are used in cherry production. Ercisli et al. (2006) reported that 40% of the cherry production in Turkey is carried out on wild cherry seedling rootstocks, with 30% being mahaleb seedlings and 30% being a mix of Gisela 5, Gisela 6, and SL 64 clonal rootstocks. However, as is the case with other species used in fruit production, Turkey does not have its own native cherry clone rootstocks.
Turkey is one of the most important genetic sources for cherry in the world and provides an important source of variation for plant breeding. The aim of our study was to investigate genotypic variation among 88 sweet cherry, 16 sour cherry, and 9 mahaleb types, selected from the wild genotype cherry populations in the Samsun Province of the Central Black Sea Region that can potentially be used as rootstocks for cultivars.
Materials and methods
This study was conducted at the Black Sea Agricultural Research Institute (Karadeniz Tarımsal Araştırma Enstitüsü) in Samsun between 2007 and 2009. The germplasm used in this study was collected from 15 districts within Samsun Province (Table 1) . Samsun is located at 40°50′N-41°51′N, 37°08′E-34°25′E.
A total of 88 sweet cherry, 16 sour cherry, and 9 mahaleb types, which were selected in 2007 and 2008 from wild cherry populations and which have the potential of being used as rootstocks for cultivars, constituted the materials of this study. The morphologic characteristics of the studied genotypes were compared with PHL-A, MaxMa 14, Montmorency, Weiroot 158, Gisela 5, Gisela 6, and SL 64 standard clone rootstocks. Leaves and shoots of the types grafted by budding in the observation gardens were identified by using the identification and morphological characterization criteria of UPOV (International Union for the Protection of New Varieties of Plants, Prunus Rootstocks 2002, TG / 187 / 1 -03.03.2007). Morphological characteristics of the leaves were determined in July, while the morphological features of the shoots were determined in December. A total of 120 genotypes and cultivars, including the selected genotypes and clonal rootstocks, were evaluated according to a total of 22 morphological and phenotypic characteristics ( Table 2) .
Simple correlations, factor and cluster analyses, and scatter plots were prepared by using SPSS 20.0 Windows. Factor analysis was performed by using the Varimax factor rotating method. A dendrogram of the genetic similarities between the genotypes was compiled using the Ward method.
Results
The location data for the wild cherry, sour cherry, and mahaleb types were determined by using GPS. The data were transferred to a GIS database, and a distribution map was created with ArcGIS 9.2 software ( Figure 1 ). Principal component analysis (PCA) was used to assess the variation between cherry genotypes. The first 7 axes accounted for 70.37% of the variability among 120 types (Table 3 ). The 1st PC axis accounted for 22.4% of the variation, while the 2nd, 3rd, and 4th axes accounted for 13.6%, 10.4%, and 7.4%, respectively. The first axis was mainly related to leaf blade length, leaf blade width, petiole length, 1-year-old shoot internodes length, and 1-yearold shoot branching. The second axis was mainly related to leaf blade ratio of length to width, 1-year-old shoot length, 1-year-old shoot thickness, and leaf blade shape. The remaining 5 axes were related to other leaf, shoot, and plant traits (Table 3) . Table 4 provides the correlations among 22 characteristics. One characteristic, plant vigor, was positively correlated with nectary color (0.31), leaf blade width (0.30), petiole length (0.29), and leaf predominant number of nectaries (0.27), while it was negatively correlated with 1-year-old shoot branching (-0.27).
One-year-old shoot thickness was positively correlated with 1-year-old shoot length (0.71). One-year-old shoot branching was negatively correlated with leaf blade length (-0.64), leaf blade width (-0.52), and petiole length (-0.68), while it was positively correlated with ratio of length of leaf blade to length of petiole (0.41). Leaf blade length (0.50), leaf blade width (0.49), and petiole length (0.41) showed positive correlation with 1-year-old shoot length of internodes.
The populations were grouped into 7 clusters by cluster analysis. The different cherry genotypes, identified based on the similarity of their morphological characteristics and their hierarchical clustering, are shown in Figure 2 . These 7 groups and their 15 subgroups can be considered as distinct germplasm pools ( Figure 2 ). The means and standard deviations of the traits for each cluster are given in Table 5 . According to diversity analysis of coefficients, the C 0032 and C 0094 genotypes were very similar, while the C 0002 and S 0012 genotypes were determined as the most distant genotypes in terms of morphological variability. The major clusters can be summarized as follows: Group A consisted of 6 subgroups and includes 88 genotypes. Narrow elliptic and elliptic leaf shapes were observed in Group A. Plant vigor was observed as medium and strong, while the upper side coloration of the leaf blade was found to be light and dark green. One-year-old shoots were, on average, 123.0 cm in length and 14.8 mm in thickness, with an internodes length of 4.2 cm. There were only 2 genotypes in Groups B and C. Elliptic leaf shapes were observed in Group B, while narrow elliptic leaf shapes were observed in Group C. The upper side coloration of the leaf blades was found to be dark green in Group B, and both light and dark green in Group C. Leaf stipules were observed to be present in Group C, but absent in Group B. While 1-year-old shoots (3), medium (5), strong (7) LAC: Young shoot: intensity of anthocyanin coloration in young leaves (during rapid growth); weak (3), medium (5), strong (7) LBM: Leaf blade: margin incision; only crenate (1), both crenate and serrate (2) in Group B were on average 147.6 cm in length and 18.9 mm in thickness, with internodes length of 6.6 cm, 1-yearold shoots in Group C were on average 97.1 cm in length and 12.4 mm in thickness, with an internodes length of 3.5 cm. In both groups, only serrate leaf blade margin incisions were observed. Group D included 14 genotypes and consisted of 2 subgroups. Narrow elliptic and elliptic leaf shapes were observed in Group D. The upper side coloration of the leaf blade was found to be both light and dark green. One-year-old shoots were, on average, 126.4 cm in length and 14.8 mm in thickness, with an internodes length of 3.5 cm. Group E consisted of 10 genotypes. These were all mahaleb genotypes and SL 64 clonal rootstocks. Elliptic, circular, and ovate leaf shapes were observed in Group E. Intensity of anthocyanin coloration of young leaves (during rapid growth) was found to be weak. Group F included 3 clonal rootstocks (Gisela 5, Gisela 6, and MaxMa 14). The 1-year-old shoot was measured as 124.3 cm in length and 8.4 mm in thickness, with an internodes length of 2.6 cm. The number of branchings (at the end of summer) was calculated as 9.6. Plant vigor was observed as weak and medium, while plant habit was found to be upright and spreading. Group G consisted of only one genotype (S 0012). The 1-year-old shoot was measured as 134.8 cm in length and 18.4 mm in thickness, with an internodes length of 3.1 cm. The number of branchings (at the end of summer) was calculated 9.6. Unlike the other genotypes and clonal rootstocks, leaf stipules and leaf nectaries were not present in this genotype. The high level of total variance described by the first 3 axes is shown in a 2D and 3D screen plot. Each genotype and clonal rootstock was plotted according to the score of its principal components (the cumulative proportion of variance) for each of the first 3 axes (Figure 3 ).
Discussion
A high level of genetic diversity was observed among the wild cherry, sour cherry, and mahaleb genotypes collected from Samsun Province in the Central Black Sea Region of Turkey. Several researchers have reported morphological variations in certain Prunus subgenus cerasus genotypes, such as the sweet cherry (P. avium), sour cherry (P. cerasus), and mahaleb (P. mahaleb) Khalighi, 2006, 2007; Khadivi-Khub et al., 2008; Perez Sanchez et al., 2008; Rakonjac et al., 2010) . Our results in Table 4 show that plant vigor was positively correlated with 1-year-old shoot length and 1-year-old shoot thickness. These data are in agreement with the findings of Khalighi (2006, 2007) with mahaleb, Hrotkó (1996) and Faust and Zagaja (1984) with sweet cherry, and Rakonjac et al. (2010) , who also reported a positive correlation between the tree vigor and the tree height with 'Oblacinska' sour cherry. C 0032 C 0094 C 0059 C 0036 C 0049 C 0057 C 0092 C 0084 C 0113 C 0026 C 0087 C 0011 C 0070 C 0015 C 0102 C 0030 C 0048 C 0066 C 0083 C 0126 C 0128 S 0003 C 0027 C 0118 C 0116 C 0002 C 0093 S 0002 C 0052 C 0099 C 0127 C 0005 C 0114 C 0061 C 0107 C 0062 C 0106 C 0089 C 0040 C 0100 C 0119 C 0122 C 0051 C 0060 C 0096 C 0024 C 0064 C 0028 C 0121 C 0031 C 0010 C 0065 C 0132 C 0110 S 0021 C 0054 Montmorency C 0053 C 0095 C 0074 C 0081 C 0103 C 0117 C 0115 C 0135 C 0020 C 0055 C 0111 C 0120 C 0129 C 0090 C 0080 C 0104 C 0125 C 0082 C 0019 C 0105 C 0008 C 0068 C 0014 C 0038 C 0131 C 0003 C 0058 C 0035 C 0134 C 0067 C 0004 C 0006 PCA was used to identify the most significant variables in the data set. PCA has been used until now to evaluate germplasm of different Prunus species, including peach (Perez et al., 1993; Esti et al., 1997; Wu et al., 2003; , apricot (Badenes et al., 1998; Ruiz and Egea, 2008; Yılmaz et al., 2012) , mahaleb Khalighi, 2006, 2007) , cherry plum (Horvath et al., 2008; Sedaghathoor et al., 2009; Aran et al., 2012) , sour cherry (Krahl et al., 1991; Onal, 2002; Rakonjac et al., 2010) , cherry (Hillig and Iezzoni, 1988; Hjalmarsson and Ortiz, 2000; Beyer et al., 2002 , Rodrigues et al., 2008 Perez Sanchez et al., 2008; Lacis et al., 2009 , and Prunus incana (Nazari et al., 2012) . Morphological characterization is necessary for germplasm description and classification, and statistical methods such as PCA are useful tools for screening the accessions of a collection (Cantini et al., 1999; Badenes et al., 2000) . PCA allows visualization of the differences between the individuals, as well as the identification of potential groups and the relationships of the individuals between variables (Martinez-Calvo et al., 2008) . Zhang et al. (2008) observed that the relationships of individuals among different morphological traits, fruit width, leaf length, stem length, branch type, fruit color, and fruit shape were the most useful for assessing the accessions of tomentosa cherries. Nazari et al. (2012) reported that leaf area, fruit weight, petiole length to blade length ratio, fruit length to diameter ratio, and leaf serration were the most useful traits for evaluating P. incana accessions. Cluster analysis clearly separated P. incana accessions from the other Prunus species, and researchers were able separate P. incana accessions according to their geographic locations. Shahi-Gharahlar et al. (2010) reported that a dendrogram obtained from morphological traits clearly distinguished the subgenus Cerasus genotypes from other the genotypes. Perez Sanchez et al. (2008) suggested that a dendrogram obtained from morphological characteristics clearly showed the relationships between cultivars of sweet, sour, and duke cherries.
In conclusion, the studied genotypes were diverse and they demonstrated a large range of variations. The collection, evaluation, and characterization of the germplasm of Turkish cherries are a field of interest, and also of considerable economic and ecological importance. Such studies may show that germplasm will potentially provide rootstocks with good adaptations for different climates and soil conditions in Turkey. 
